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ABSTRACT

Approximately 240 gamma ray-neutron logs were
interpreted and correlated in an attempt to isolate
separate channels collectively referred to as "Squirrel"
sands in the upper Cherokee and lower Marmaton
(Pennsylvanian) rocks of Jackson and Cass counties,
Missouri.

Isopach maps were prepared for two of the

identifiable fluvial sandstones and a structure map was
drawn on the laterally extensive Anna Shale.
The term "Squirrel" has been applied to as many as
five different sandstone packages, and thus, has been the
source of a great deal of confusion.

In an attempt to sort

out the confusion this thesis recognizes and defines three
distinct "Squirrel" facies plus two non-"Squirrel" facies.
Interpretation of the data suggests that three major
depositional systems are associated with the Pennsylvanian
cyclothems of western Missouri:

(1) a marine system

dominated by shales and limestones,

(2) a delta-strand

plain system, represented by interdistributary shales and
thin distributary channel sandstones, and (3) a fluvial
system, represented by thick channel sandstones and
associated overbank deposits.
The thick, fluvial channel sandstones were probably
deposited as point bar sequences on a series of meandering
streams.

The channels scour into underlying deposits and

commonly cut down to previously deposited sandstones.

Ill

Thick (60 feet, 18.3 meters or more)

sequences of laterally

discontinuous sandstones are considered to represent
vertically stacked channels.
Regional structures in Jackson and Cass counties are
related to downwarp during development of the Forest City
Basin.

Local anticlines that influence hydrocarbon

accumulation are at least partially attributable to
differential compaction around sandstone channels.
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I.

A.

INTRODUCTION

GENERAL STATEMENT
Hydrocarbons have been produced in small quantities in

Missouri for over 100 years, with the first well having
been drilled shortly after the Civil War in Kansas City.
Early production of natural gas from Jackson and Cass
counties was eventually overshadowed as oil became the
desired commodity during the 1930's and 1940's.

Although

oil production has remained relatively constant in the area
since that time, there has been no commercial production of
natural gas for many years.
This study attempts to correlate, map and interpret
oil producing upper Cherokee and lower Marmaton sandstones
in the subsurface of Jackson and Cass counties, Missouri.
The primary sources of data are gamma ray-neutron logs
filed at the Missouri Department of Natural Resources,
Division of Geology and Land Survey in Rolla, Missouri.
Most of the logged wells are concentrated in the oil fields
near the western border of the Jackson-Cass County line
(Figure 1).
Oil producing horizons in upper Cherokee and lower
Marmaton (Pennsylvanian) rocks of Jackson and Cass counties
include sandstones of the Labette Formation and the
underlying "Squirrel" sandstones of the Mulky and Lagonda
formations.

The majority of these producing units are

narrow, channel filling sandstones that are difficult to

E X P L A N A T IO N
Area containing the m ajority of logged wells

Figure 1.

Location of study area.
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locate in the subsurface.
There is a great deal of confusion among drillers,
producers, and geologists regarding the use of the term
"Squirrel".

Squirrel is not a formal stratigraphic name.

It was originally a drillers term that referred to a series
of laterally discontinuous sandstones present in the
interval between the Ardmore Limestone and the Blackjack
Creek Limestone (Figure 2).

The sandstone units grade

laterally into shale over short distances and occur at more
than one stratigraphic horizon.

This led early drillers to

refer to the assemblage of sandstones as the Squirrel sands
because they appeared to "jump around" in the stratigraphic
section.

In the study area, overlying channel sandstones

commonly cut down into the Squirrel sand interval and
create a stacked channel sequence.
In Jackson and Cass counties there are at least three
separate sandstone facies within the Mulky and Lagonda
formations, plus downcutting channel sandstones of the
overlying Labette Formation, that have been called
"Squirrel sands" (Figure 2).

Some drillers refer to the

lower and middle sandstone facies of the Lagonda Formation
as the "lower Squirrel", and the upper sandstone facies of
the Mulky Formation as the "upper Squirrel"
Column A).

(Figure 2,

In "stacked" areas where overlying channel

sandstones have cut down to the stratigraphic position of
the Mulky or Lagonda formations, sandstones from as high as
the Labette Formation have been referred to as "upper

PENNSYLVANIAN
DEMOINESIAN

4

Figure 2.

Correlation between various drillers terms
(column A and B) and terms used in this
report (column C ) .
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Squirrel", while the sandstone facies of the Lagonda
Formation were called the "lower Squirrel"

(Figure 2,

Column B).
This report will adopt the nomenclature used in Figure
2

,

column C.

The lower sandstone facies of the Lagonda

Formation will be called the "Lower Squirrel Sandstone",
the middle sandstone facies of the Lagonda Formation will
be called the "Middle Squirrel Sandstone", and the
sandstone facies of the Mulky Formation will be referred to
as the "Upper Squirrel Sandstone".

The overlying two

channel sandstones of the Labette Formation will be
referred to as the Englevale Member and the unnamed Labette
channel.

These two channels are not considered to be

"Squirrel" sands in this report.
Most workers consider the Upper, Middle, and Lower
Squirrel sandstones, as used in this report, to be
contained exclusively within the Lagonda Formation.
However, the writers agrees with a concept advanced by Dr.
Richard Gentile of the University of Missouri-Kansas City.
Gentile (1965, and a paper in publication) proposed that
the Upper Squirrel Sandstone (Figure 2, column C) is
actually part of the overlying Mulky Formation.

The Upper

Squirrel channel appears to cut down into the Lagonda
Formation, and occasionally reaches thicknesses of greater
than 60 feet (18.3 meters).

Gentile also suggests that the

Upper Squirrel Sandstone cannot be distinguished from
overlying channel sandstones of the Labette Formation on

6

the basis of physical properties.
The Labette sandstones, which consist of the Englevale
Member and a lower, unnamed channel, are lithologically
similar to the Upper Squirrel Sandstone.

The Labette

channels commonly cut down into the underlying Upper
Squirrel channel and produce a stacked channel sequence.
Stacking of fine-grained, micaceous sandstones can create
what appears to be a thick, laterally restricted sandstone
body that occasionally reaches thicknesses of more than 80
feet (24 meters).

When this happens individual channels

and formations cannot be identified.
B.

PURPOSE OF INVESTIGATION
The purpose of this investigation is:

(1) to map the

lower Marmaton and upper Cherokee channel sandstones in
Jackson and Cass counties, Missouri,

(2) to describe the

basin history, structural features, and stratigraphy of the
lower Marmaton and upper Cherokee groups in the
Pennsylvanian of western Missouri,

(3) to analyze the major

depositional systems involved in the distribution of these
sediments, and (4) to synthesize a deposition history
consistent with all the above mentioned items.
C.

STUDY AREA
The study area includes all of Jackson and Cass

counties in western Missouri.

However, because of an

extremely irregular distribution of wells, reliable maps
and interpretations could be made only in southwestern
Jackson County and northwestern Cass County (Figure 3) .
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Figure 3.

Locations of useable gamma ray-neutron well
logs in Jackson and Cass counties, Missouri.
Numbers refer to number of wells in the
corresponding black area. Note the extremely
irregular distribution of wells.
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D.

PHYSIOGRAPHY AND TOPOGRAPHY
Jackson and Cass counties are located in the southern

part of the Forest City Basin

(Figure 4).

This basin is

situated in the central United States and lies within the
boundaries of four states: Missouri, Iowa, Kansas and
Missouri.
The Forest City Basin is part of the Interior Lowlands
of the United States.

In the study area, on the east flank

of the basin, relief is moderate and regional dip is to the
west.
E.

METHODS OF INVESTIGATION
In this investigation approximately 240 gamma ray-

neutron logs were examined to correlate, map, and interpret
lower Marmaton and upper Cherokee sandstones.

Of the 240

logs studied, about 200 went deep enough or were of
sufficient quality for use in the study.
In addition to gamma ray-neutron logs, sample logs
derived from well cuttings were also examined.

The sample

logs were not very useful because the cuttings were grouped
in five foot intervals and were relatively vague in
reference to lithology.

For example, two feet of shale

overlain by three feet of sandstone was recorded as five
feet of shaley sand.

This "averaging effect" plus the

highly variable lithology of the Pennsylvanian rocks makes
the sample logs unsuitable for detailed correlation in this
area.
The Squirrel and Labette sandstones were examined in

9

outcrop in north-central Missouri and in cores supplied by
Charles Randell of Rhoden Investment Company.
F.

PREVIOUS WORK
The earliest systematic reconnaissance of western

Missouri was attempted by Broadhead and Norwood (1873) of
the Missouri Bureau of Geology and Mines, now called the
Missouri Department of Natural Resources, Division of
Geology and Land Survey.

Their main objective in this

early work was to describe the rock succession and to
determine the mineral wealth of the region.
During the 1890's and early 1900's reconnaissance
mapping in Kansas initiated by Haworth and others led to
the introduction of a classification of Pennsylvanian
deposits for the state (Haworth 1895, 1898; Haworth and
Bennet, 1908).
Hinds (1912) published a report on the coal reserves
of Missouri.

Hinds and Greene (1915) worked on the

Pennsylvanian stratigraphy of Missouri and attempted to
correlate outcrops in Missouri with those in Kansas and
Iowa.

A detailed study of the Cherokee and Marmaton groups

in Vernon County, Missouri was made by Greene and Pond in
1926 .
Weller's

(1930) introduction of the concept of cyclic

sedimentation in the Illinois Basin was a major step toward
unraveling Pennsylvanian stratigraphy in the mid-continent.
Weller's concept of cyclic sedimentation implied that many
thin Pennsylvanian units, while locally variable, were
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remarkably persistent over most of the mid-continent and
eastern interior regions of the United States.

It also

suggested that Pennsylvanian sediments could be grouped
according to similar recurring sequences of beds that he
called

cyclothems.

These ideas were refined over the next

few years and an eustatic model of cyclic sedimentation was
advanced (Weller, 1931; Wanless, 1931; Wanless and Weller,
1931).

The concepts presented by Weller and Wanless for

the Illinois Basin were modified by Moore (1932, 1936) to
fit the Pennsylvanian strata in Kansas.
In 1947 the first interstate conference for the
establishment of a uniform nomenclature and classification
system for Pennsylvanian rocks in the mid-continent area
was held.

Representatives from Iowa, Nebraska, Missouri

and Kansas met at Lawrence, Kansas on May 5-7, 1947.

This

meeting addressed the stratigraphy of the Upper
Desmoinesian Series, and the name Marmaton was officially
established for the interval from the base of the Blackjack
Creek Formation to the top of the Desmoinesian Series.

The

Conference suppressed the name Henrietta which had
previously been applied to this same interval in Missouri.
The Marmaton Group was subdivided and classified largely
through the work of Jewett (1941, 1945).

The results of

this Lawrence Conference were published by Moore (1948) and
are the basis for the subdivisions of the Marmaton in this
report.
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Again, in 1953, representatives of the Kansas, Iowa,
Oklahoma, Nebraska, and Missouri Geological surveys met in
Nevada, Missouri to reach agreement on the interstate
classification and nomenclature of Cherokee rocks in the
mid-continent area.

The Nevada Conference divided the

Cherokee into formations, with the limits of each formation
extending from the top of a coal bed to the top of the next
higher coal bed.

Where coal was not present the limits

were drawn at the inferred position of a coal bed.

The

formations were named on the basis of their most persistent
unit, regardless of lithology.

The results of this

conference are summarized by Searight et al.

(1953).

After

the Nevada Conference, further studies by W.V. Searight
(1955, 1959); Howe (1956); Hover (1958); Jefferies (1958);
T.K. Searight (1959) ; and Howe and Koenig (1961) ,

refined

the classification advanced by the Nevada Conference.
At about the same time, Fisk (1955, 1958) and others
were studying the Mississippi Delta on the Gulf Coast and
developing the concepts of deltaic sedimentation.

They

showed that some cyclic sedimentation could be explained by
deltaic processes alone.
Gentile (1965) discussed the stratigraphy, sedi
mentation and structure of the upper Cherokee and lower
Marmaton groups in western Missouri.
In 1968 Laury published a paper on the Pleasantview
(Lagonda) sandstone in western Illinois and southeastern
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Iowa.

Laury concluded that the Pleasantview Sandstone was

deltaic in origin.

Tacker (1970) studied this same

interval in outcrop in north-central Missouri and came to
similar conclusions.
Statewide maps of individual coal beds within these
cyclic sequences were prepared by Robertson (1971) and
Robertson and Smith (1979).
An alternate approach to the eustatic cyclothem model
of Wanless and Weller was advanced by Heckel (1975, 1977,
1979).

Heckel's model was incorporated into a 1978 thesis

by Murphy explaining deposition of middle Cherokee rocks in
southeastern Kansas and western Missouri.

A 1982 thesis by

Sumner also utilized Heckel's model to interpret the
depositional history of upper Cherokee and lower Marmaton
rocks in north-central Missouri.
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II.

A.

GEOLOGIC SETTING

BASIN HISTORY
1.

General Statement.

According to Anderson and

Wells (1968), the Forest City Basin is a Paleozoic basin
that is both structural and depositional.

The Forest City

Basin and the Salina Basin, to the west, were formed when
the Nemaha Anticline bisected the ancestral North Kansas
Basin in Late Mississippian or Early Pennsylvanian time
(Figure 4).
2.

History.

From Late Ordovician through Early

Mississippian time southeastern Nebraska and northeastern
Kansas experienced slow, intermittent subsidence.

This

subsidence resulted in the development of the North Kansas
Basin, a predecessor to the Forest City Basin.

The

regional downwarp developed a shallow marine environment in
which thick sequences of Mississippian limestone were
deposited.
During the Late Mississippian the North Kansas Basin
was bisected by uplift along the Nemaha Anticline (Anderson
and Wells, 1968) .

This uplift resulted in the division of

the North Kansas Basin into two separate basins, the Salina
Basin to the west and the Forest City Basin to the east
(Figure 4).
Immediately following the bisection of the North
Kansas Basin, the area to the east of the asymmetrical
Nemaha Ridge subsided rapidly and the true Forest City

14

Figure 4.

Tectonic and depositional setting of the mid
continent during Desmoinesian time. Note that
the Bourbon Arch south of the Forest City Basin
was not emergent at this time (modified after
Krumbein and Sloss, 1951).
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Basin was developed.

The Bourbon Arch, which formed the

southern boundary of the Forest City Basin, probably
remained emergent during the Late Mississippian and Early
Pennsylvanian.

This is demonstrated by the absence of

pre-Desmoinesian rocks over the Bourbon Arch.

However, by

the beginning of Desmoinesian time the arch was inundated
by Pennsylvanian sediments, and the Forest City Basin and
Cherokee Basin to the south became united (Figure 4).
Initially, Pennsylvanian sediments deposited in the
Forest City Basin were derived from the Nemaha Ridge
(Anderson and Wells, 1968).

By Desmoinesian time however,

the sediment source shifted to the north and northeast.
Cyclic sedimentation continued throughout the rest of
the Pennsylvanian and into the Permian Period.

The Nemaha

Ridge was inundated with sediments during Missourian time
when the Kansas City Group was deposited over the top of
the structure and in the Salina Basin.

Laury (1968)

indicated that the Lincoln Fold existed as a weak
structural high during deposition of the Cherokee and
Marmaton groups.

However, it was not of sufficient

magnitude to act as a depositional barrier between the
Forest City and Illinois basins.
The general upward increase in marine limestone and
shale facies in Pennsylvanian sediments of the Forest City
Basin indicates an overall transgression of the area during
Pennsylvanian time.

Murphy (1978) suggested that the

greater number of marine facies in the Pennsylvanian System
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of Oklahoma implies that this general transgression began
in the south or southwest and moved northward.

The overall

marine transgression was modified by the many transgressiveregressive cycles associated with Pennsylvanian cyclothem
development.
During the Late Permian Period sedimentation ended as
the entire sequence was tilted to the northwest by the
Ozark Uplift and the rocks were exposed to subaerial
erosion.

Erosion resulted in the removal of most of the

Permian and much of the Pennsylvanian Systems from the
Forest City Basin.

Permian rocks preserved at the basin

axis in southeastern Nebraska indicate that the entire
basin was probably once covered by rocks of Permian age.
B.

STRATIGRAPHY
The total thickness of Pennsylvanian strata in

Missouri is approximately 2000 feet (610 meters)

(Howe,

1961). The Pennsylvanian beds in the study area have a
general dip to the west-northwest and thin to the east.
Pennsylvanian rocks in Missouri are mainly elastics, but
coal and limestone beds are also present.
The Pennsylvanian stratigraphy of Missouri is
summarized in Howe and Koenig

(1961).

Of interest to this

study are nine formations shown in Figure 5 that belong to
the Desmoinesian Series.

A brief summary of these nine

formations is presented here.
1.

Bevier Formation.

The Bevier Formation consists

of a mottled shale with carbonate stringers overlain by a

17

Figure 5

Generalized stratigraphic column of upper
Cherokee and lower Marmaton rocks in
the study area.
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gray to black fissile shale or coal.

To the north and east

of the study area the upper shale facies changes to an
economically important coal horizon.

This coal is

generally thin to the south of the Missouri River
(Robertson, 1971).
2.

Lagonda Formation.

The Lagonda Formation is

composed of shale, siltstone and sandstone.

The sandstones

of the Lagonda are included in what drillers refer to
collectively as the Squirrel sands.

The lowermost

sandstone facies, here referred to as the Lower Squirrel
Sandstone, is fine-grained, carbonate cemented, and
commonly contains limestone clasts.

The middle, inter-

bedded sandstones or Middle Squirrel Sandstone, are a
series of fine-grained and micaceous sands, which are
normally interbedded with shale and occasionally carbonate
cemented (Figure 5).
3.

Mulky Formation.

In areas where the Upper

Squirrel Sandstone is not present the Mulky Formation is
composed of the Mulky Coal, underclay, and a nodular,
discontinuous limestone known as the Breezy Hill Member.
However, this Mulky sequence is rarely found in the study
area where it is usually cut out by the Upper Squirrel
Sandstone.
The Upper Squirrel Sandstone is an elongate channel
like sandstone that clearly cuts into underlying units.
The precise stratigraphic position of the Upper Squirrel
Sandstone is difficult to define because the thin coal
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beds that separate the Lagonda Formation from the Mulky
Formation are cut out when the Upper Squirrel Sandstone
is present.

For the purposes of this report the Upper

Squirrel is assigned to the Mulky Formation and is assumed
to cut down into the upper Lagonda.

The Upper Squirrel is

a fine-grained, subangular and micaceous sandstone that
grades into calcareous sandstone or arenaceous limestone
near the edges of the channel.
4.

Excello Formation.

The Excello Formation is

composed mainly of a black, thinly laminated, fissile shale
containing small phosphatic concretions.

It exhibits a

strong deflection toward higher radioactivity on the gamma
ray log (Figure 6).
5.

Blackjack Creek Formation.

The Blackjack Creek

Formation is composed of a thin bed of finely crystalline
limestone which is overlain by a second, less persistent
unit of calcareous shale with limestone nodules.

These

two units are usually separated by a thin bed of fissile
shale.
6.

Little Osage Formation.

The Little Osage

Formation is composed of several lithologies.

The basal

unit is a calcareous shale overlain by the Houx Limestone
Member.

The Houx is a thin, discontinuous, shaley

limestone unit that is overlain by a more persistent black
to gray fissile shale containing abundant phosphatic
concretions.

When present, the black fissile shale facies

is used as a marker bed on the gamma ray log (Figure 6).
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Figure 6

Comparison of stratigraphic column with normal
gamma ray-neutron log. Note marker beds.
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In many areas of the state the Little Osage Formation
contains two additional members, the Flint Hill Sandstone
and the Summit Coal.

These two members are not present in

the study area.
7.

Higginsville Formation.

The Higginsville Formation

consists of only one lithology, a microcrystalline, wavey
bedded limestone.

This formation is more laterally

persistent than many of the other limestones, although it
too may be cut out by channel sandstones.
8.

Labette Formation.

The Labette Formation consists of

a basal underclay overlain by the Alvis Coal Member.

This

is overlain by a series of thin, calcareous, sandy shales
and siltstones, followed by the Englevale Sandstone Member/
(Figure 6).

The Englevale, which is a fine-grained,

subangular micaceous sandstone, is a locally important oil
producer.

This sequence is usually capped by an underclay

and the Lexington Coal bed.

The Lexington Coal however, is

present only in the extreme northeast corner of Jackson
County (Robertson, 1971).
In some places in the study area, particularly
sections 10, 28, and 33 of T47N R33W and section 4 of T46N
R33W, the Labette sequence is quite different.

Commonly

the Englevale and another, unnamed channel sandstone, cut
into the underlying units.

The channels cut as far down as

the Lagonda Formation and eliminate the intervening strata
(Figure 7).

In some places within the stacked sequence a

thin shale separates the Englevale from the lower, unnamed
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Figure 7

Comparison of stratigraphic column with gamma
ray-neutron log, from stacked area. Note
absence of marker beds.
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sandstone.
When this occurs the separate channels can be
identified.

However, the Englevale commonly cuts into the

lower sand, which in turn, cuts down to the Upper Squirrel
channel, and together they create a continuous sandstone
sequence.

Identification of individual channels is

virtually impossible when they stack in such a fashion
(Figure 7).
9.

Pawnee Formation.

The Lawrence Conference of

1947 established the Pawnee Limestone as a formation and
included four separate units as members.

The Anna Member,

which is the lower-most unit of the Pawnee Formation, is a
thin but very persistent black, fissile shale containing
abundant phosphatic concretions.

The Anna appears on the

gamma ray log as a strong deflection to the right (Figure
6).

Because this shale is so persistent and so distinctive

on the well logs, it was used as the datum for structural
mapping in this report.

Overlying the Anna Shale is the

Myrick Station Member, a dense, bluish-gray limestone.
This is overlain by the Mine Creek Member, a dark gray
calcareous shale interbedded with limestone.

The uppermost

unit of the Pawnee Formation is the Coal City Member, a
wavy bedded, gray limestone that grades upward into
siliceous limestone.
C.

STRUCTURE
1.

General Statement.

The present day structures in

Jackson and Cass counties consist principally of two types:
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(1) major regional northwest-southeast trending synclines
and anticlines, and (2) local minor synclines and
anticlines which are superimposed on the major features.
Major regional structures of Jackson and Cass counties
are shown in Figure 8.

The major structural features have

no direct bearing on hydrocarbon accumulation in the upper
Cherokee and lower Marmaton channel sandstones of the study
area.

A portion of a structural map prepared by Gentile

(in publication) on the Belton Quadrangle is reproduced by
permission in Figure 9.

This map is a useful reference for

many of the local structures.

Figure 10 is a structure map

in Townships 46N and 47N of Range 33W using the top of the
Anna Shale as a datum.
and Figure 9.

Note the agreement between this map

Plate I is a more detailed structure map of

the same area.
Most of the wells in the area were drilled along a
north-south trending anticline that includes the Martin
City Anticline, Walton Nose and the Knoche Anticline
(Figure 9).

This ridge has produced most of the oil and

gas in Jackson and Cass counties.
The Knoche Anticline is bounded on the west by the
Herr Syncline, on the east by the Jost Syncline and on the
south and southeast by the Belton Fault Complex, a large
down-dropped structure probably related to solution in the
underlying Mississippian limestones.
2.

Origin of Structures.

The axial trends of the

minor structures are varied and usually do not coincide
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R 33 W

Figure 8

R 32 W

R 31 W

R 30 W

R29W

Major regional structures of Jackson and Cass
counties (modified from Clair, 1943) .
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Figure 9.

10 FEET

eetim ated elevation from
outcrop

Local structural features of southwestern
Jackson and northwestern Cass counties,
Missouri (from Geology of the Belton
Quadrangle, Gentile, in publication,
reproduced by permission).
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Figure 10.

Regional structure map on top of the Anna
Member of the Pawnee Formation.
Data points
are averages of all wells in a particular area.
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with the axial trends of the major structures.

Clair

(1943) postulated that the major structural features as
well as some of the minor features are the result of
differential regional downwarp during development of the
Forest City Basin.
The channel sands in the study area presently occupy
positions that coincide with minor structural highs.

This

seems somewhat anomalous because one expects channel sands
to coincide with topographically or structurally low areas,
not high areas.

The author agrees with Clair's (1943)

conclusion that the majority of the minor structures are
post-depositional features related to differential
compaction around the lens-shaped, Pennsylvanian channel
sands.
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III.

A.

WELL LOGS

LOG RESPONSE
Gamma ray-neutron logs are run in the majority of

logged boreholes in Jackson and Cass counties.

These logs

require no drilling mud and can be run in cased holes.
This makes them ideal logs for the shallow, low pressure
wells of western Missouri.

A brief discussion of gamma ray

and neutron log characteristics is presented here so that
the reader will have a better understanding of the various
log responses.
1.

Gamma Ray Logs.

According to Hilchie (1978),

gamma ray logs measures the naturally occurring gamma
radiation found in particular formations.

Because these

logs measure natural radiation, a drilling mud is not
required.

The gamma ray log is essentially a shale log

because most shales are much more radioactive than other
sedimentary rocks.

This elevated radioactivity is due to

natural gamma radiation, emitted mainly by potassium-40 and
the radioactive elements of the thorium and uranium-radium
series present on the surfaces of clay minerals.
Gamma rays may be thought of as high-energy photon
particles that, because of their relatively high energy,
are able to penetrate material easily.

This allows gamma

ray logs to be run in open or cased holes.
The naturally emitted gamma rays are counted by
scintillation counters

(usually a sodium iodide crystal
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activated with thallium) that give off a flash of light
when struck by a gamma ray.

These emissions are averaged

statistically over time, and the log is run at a calculated
speed to assure good vertical resolution without allowing
time for the radiation to establish a constant value.
Because of the statistical averaging process, the gamma ray
log will never repeat exactly over the same interval.
2.

Neutron Logs.

Neutron logs are mainly porosity

tools that respond to the hydrogen content of a formation.
There are many types of neutron logs, however the
compensated neutron log is run extensively in the cased
holes of the study area and will be the only type discussed
here.
According to Hilchie (1978) neutron logs measure the
ability of a formation to hinder the passage of neutrons.
Energy is lost when neutrons collide with other nuclei,
particularly when they collide with particles of equal
mass, such as hydrogen atoms.

Therefore, the ability of a

formation to attenuate neutron passage is directly
proportional to the hydrogen content of the formation.

The

only hydrogen present in clean reservoir rocks is due to
the presence of oil, water, or high-pressure gas, which all
contain about the same amount of hydrogen, or low-pressure
gas which contains relatively little hydrogen.
log therefore,

The neutron

shows a strong deflection to the left when

liquid-filled pore spaces are present.
The neutron log requires a neutron-emitting source,
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such as plutonium and beryllium, and a detector or
detectors which can be set farther from the source in order
to increase the depth of investigation.

After a high-energy

neutron leaves the source it is almost immediately slowed
down by collisions with hydrogen atoms to a low-energy, or
thermal, state.

In this thermal state the neutron can be

captured by the nuclei of various materials, the most
common of which is chlorine.

When the neutron is captured,

the nuclei becomes overcharged and dissipates the excess
energy by emitting a high-energy gamma ray of capture.
The neutron log detector may detect fast (epithermal)
neutrons, thermal neutrons,
combinations of these.

"capture" gamma rays or

Compensated neutron logs are

generally equipped with thermal neutron detectors at two
different spacings.

The actual plotted response is a

ratio of the long and shorter spaced counting rates.
Shales show a high apparent porosity on the neutron
log due to the relatively high percentage of intersititial
fluids present.

Low-pressure gas in porous zones however,

shows up as relatively low hydrogen content or apparent low
porosity.

For this reason additional logs should be run

with the neutron log in order to identify potential gas
zones.
B.

SPECIFIC WELL LOG EXAMPLES
Due to the laterally restricted nature of channel

sandstones, log responses vary drastically over relatively
short distances.

Examples of five characteristic logs are

32

presented in Figure 11.
Figure 11A is a good example of an area where the
Englevale Sandstone is not well developed and exhibits
little porosity because of carbonate cement.

The

distinctive black shale deflection of the Little Osage
Formation, followed by the Blackjack Creek Limestone and
distinctive Excello Shale deflection make identification of
individual formations very easy in this well.

The Upper

Squirrel Sandstone is relatively thick and the Middle
Squirrel distributary sandstones are well developed.
Production in this well is from the lowermost sand of the
Middle Squirrel Sandstone.

The Lower Squirrel is not

reached in this well.
Figure 11B is an example of an area where the
Englevale Sandstone is relatively thin.

However, the

unnamed Labette channel is present and apparently cuts out
the strong black shale deflections of the Little Osage and
Excello Formations.

The Upper Squirrel Sandstone is

extremely thick in this area.

It has cut out almost all of

the Middle Squirrel and now lies directly above the Lower
Squirrel Sandstone.
The next example, Figure 11C, is a prime example of
the stacked channel package that produces the most oil per
well in Jackson and Cass counties.

This well penetrates

approximately 86 feet (26.2 meters) of stacked channel
sandstone that cuts out every formation marker between the
Labette Formation and the Lagonda Formation.

It is
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impossible to tell which channel sandstones are represented
in this sequence, although it is probably the product of
two or more channels.

The Middle and Lower Squirrel

sandstones are also present in this well.
Figure 11D shows another area of stacked channels, but
these have not cut out underlying formations completely and
a tentative identification of individual channels may be
attempted.

The uppermost channel directly under the Anna

Shale is the Englevale Sandstone.

The Englevale is

followed by an unnamed channel sandstone that contains many
tight zones and cuts down to the Excello Shale.

Directly

under the Excello Shale is the Upper Squirrel Sandstone,
which is followed by the well developed Middle Squirrel.
The Lower Squirrel Sandstone appears to be relatively thin
in this well.
The log in Figure H E

is an example of a well

producing from the Middle Squirrel Sandstone.

The

Englevale is well developed in this area but only cuts out
the lower Labette Formation and the Higginsville Formation.
The Blackjack Creek Formation and the Upper Squirrel
Sandstone appear to be somewhat shaley and thus do not show
up well.

The sands of the Middle Squirrel Sandstone

however, are abnormally thick and appear to be stacked into
a continuous sequence.

Only surrounding facies

relationships suggest that this thick sequence is actually
a series of normally relatively thin distributary sandstones.
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IV.

A.

INTERPRETATION

INTRODUCTION
Pennsylvanian rocks of Missouri are divided into

numerous cyclic sequences or cyclothems.

The term

cyclothem, as used here, refers to the sediments deposited
in a single major transgression and regression of the sea.
Cyclothem models using eustatic sea level oscillation as
the primary sedimentary control have been proposed by both
Wanless (1931) and Heckel

(1977).

Figure 12 shows both

models for an ideal Pennsylvanian cyclothem.
In Wanless’ interpretation (Figure 12, right side) ,
members 6 through 10 represent the marine portion of the
cycle, while members 1 through 5 represent the nonmarine
portion.

In the nonmarine segment, predominantly clastic

sediments are deposited in either a delta-strand plain
environment or fluvial environment.

According to Wanless,

transgression begins with member 2 and culminates with the
deposition of the limestone "caprock"

(member 9).

The

regressive phase of the cycle begins with member 10 and
reaches a maximum during deposition of the lower sandstone
unit (member 1).
Heckel (Figure 12, left side) , interprets the sequence
somewhat differently.

The uppermost part of the outside

shales, directly underlying the middle limestone, commonly
displays a sufficient marine fossil assemblage to be
considered a marine deposit.

The middle limestone, core

H e ck e l's
M odel
(1 9 7 7 )

&

W anless
M odel
(1 9 3 1 )

Ideal
C y clo th e m

<v

a>

a> o
QU

P o sitio n al
M em b er

(W anless, 1 9 3 1 )

"1
oo

P o sitio n a l
M em ber

O u tsid e

M em ber 10

S h a le

oS
c'

--cr
E
U pper
L im e sto n e

M ax im u m
T ransgression

I
1

§

M em ber 9
c

C o re
S h a le

M em ber 8

M id d le
L im e s to n e

M em ber 7

M em ber 6
O u tsid e
Sh ales

Low er
L im e sto n e

M em ber 5

iiili US
S S i

M em ber 4
M em ber 3

Mernbe* 2

M axim um
Regression

O u tsid e
S h ale s

M em ber l

p
P

*:
f
CC

Figure 12.

Lithologic units of the "Ideal Cyclothem"
showing Heckle's model (left) and Wanless'
model (right), (modified from Sumner, 1982)
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shale and upper limestone represent quiet marine
deposition, while the lowermost part of the outside shales
indicates rapid prodelta to delta-front marine
sedimentation.

The remaining portions of the outside

shales (coals, underclays, channel sandstones) are
definitely nonmarine deposits.

According to Heckel,

maximum regression occurs in the sandstone phase of the
outside shales.

Following sandstone deposition the

transgressive stage begins, reaching a maximum with the
deposition of an anoxic, black, phosphatic shale or core
shale.

After deposition of the core shale the regressive

sequence begins, culminating in the sandstone phase of the
outside shales.
The models presented are both idealized representa
tions and do not take into account the local variations
introduced by secondary sedimentary processes.

However,

the usefulness of the models is not hindered by local
modif ications.
Heckel's assertion that the black core shale
represents maximum transgression is supported by the
shallowing-upward character of the upper limestone.

Sumner

(1982), on the basis of facies relationships, clay
mineralogy, and petrographic analysis of the limestones,
recognized this distinct shallowing upward sequence in the
interval from the top of the core shale upward through the
top of the upper limestone in upper Cherokee and lower
Marmaton rocks of north-central Missouri.

This author
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agrees with Sumner's conclusion that Heckel's cyclothem
model is more applicable to upper Cherokee and lower
Marmaton rocks in the mid-continent area than Wanless'.
B.

SEDIMENTARY CONTROLS UPON CYCLIC SEDIMENTATION
According to Sumner,

(1982) sedimentary controls on

cyclic sedimentation are either first order or second
order.

The first order controls influence sedimentation on

a regional scale, while the second order controls introduce
local variability into the regional sequence.
1.

First Order Controls.

Disregarding drastic

tectonic oscillation, there are three possible first order
control mechanisms that would lead to cyclic sedimentary
deposition:

(1) deltaic influx-subsidence,

(2) fluvial

avulsion, and (3) eustatic oscillation of sea level.
a.

Deltaic Influx - Subsidence.

many Gulf Coast geologists

According to

(Fisk, 1955, 1958, Fisher,

1969), cyclothems that are lithologically similar to
Pennsylvanian cyclothems of the Salina, Forest City, and
Illinois basins can be produced by deltaic influxsubsidence processes alone.

If deltaic processes alone

were responsible for Pennsylvanian cyclothem development,
the individual cyclic sequences would be limited by the
size of the delta.

However, many upper Cherokee and lower

Marmaton sequences are traceable across all three basins.
The deposition of laterally persistent upper Cherokee and
lower Marmaton cyclothems, then, cannot be accounted for by
deltaic processes alone.
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b.

Fluvial Avulsion.

model was proposed by Murphy

A different depositional

(1978) for middle Cherokee

cyclothems in western Missouri, northeastern Oklahoma, and
eastern Kansas.

He proposed that avulsion of a major

fluvial-deltaic system alternately between the Salina,
Forest City, and Illinois basins could produce major
cyclothems.

He suggested that the lack of wave action and

tides, and the shallowness of the Pennsylvanian seas
produced unique depositional conditions in which fluvialdeltaic systems prograded into the epicontinental seas and
spread out laterally rather than built vertically.
According to this theory, Pennsylvanian deltas would have a
greater lateral extent than deltas developed on the Gulf
Coast.

Murphy's model, however, also does not account for

the fact that upper Cherokee and lower Marmaton cyclothems
appear to be continuous between the three basins.
c.

Eustatic Seal Level Oscillation.

The only

reasonable first order control that takes into account the
fact that the major cyclic sequences appear to be
continuous over the entire mid-continent area is eustatic
or worldwide oscillation of sea level.
2.

Second Order Controls.

According to Sumner

(1982), the second order controls that affect local
variations in first order cyclothem development include,
"(1) detrital influx,

(2) paleogeography and paleoclimate,

(3) wave, tidal, and current energy, and (4) structure."
a.

Detrital Influx.

Local variations in both
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lithology and thickness of progradational clastic units can
be attributed in part to the type and quantity of detrital
material being supplied to the basin.

In general, these

factors are directly influenced by the distance to, and
lithology of, the source area, and by the position and
competence of the fluvial systems involved in the
distribution of this sediment.
Provenance studies by Laury (1968), Tacker

(1970) , and

Sumner (1982) all suggested that the source area for lower
Marmaton and upper Cherokee rocks in the mid-continent lies
to the north and northeast.

Laury

(1968) examined a

correlative of the Lagonda, the Pleasantview Formation, in
western Illinois and southern Iowa.

He concluded that

Cambrian and (or) Precambrian rocks from the Canadian
Shield and stable surrounding sedimentary areas lying to
the north and (or) northeast of Iowa provided coarse
grained, garnet-bearing, heavy mineral sediments to the
Pleasantview Formation.

He also indicated that the

dimished amount of garnet in the Pennsylvanian sediments of
western Illinois was due to dilution by a finer-grained,
non-garnet bearing source to the east and northeast.
Tacker (1970), in a study of the sedimentology of the
Lagonda Formation in north-central Missouri suggested that
because the heavy mineral suite was diluted with respect to
garnet, the source must have been to the northeast or east
rather than the north.

Tacker also examined paleocurrent

data which indicated that sediment transport in north-
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central Missouri was from north to south.
Sumner (1982) generated first order trend surface maps
for north-central Missouri.

Assuming that the sediments

were deposited on a relatively flat depositional surface,
and that post-depositional deformation was minimal, trend
surface maps should show the general direction of the
source area.

These maps, which were drawn on top of the

Lagonda and Little Osage formations, indicate an average
depositional strike of approximately N30°W, and an average
dip direction of approximately S60°W.

This conclusion

agrees with the northeasterly source area

(180° from

depositional dip direction) postulated by Laury and Tacker.
There appears to be agreement between the axial trends
of the Englevale and Upper Squirrel channels
III).
south.

(Plates II and

The axes of both channels trend generally northLog data used in this study cannot identify

paleocurrent directions.

But, given the paleocurrent data

and trend surface analysis mentioned previously, plus the
alignment of channels, it is likely that sediment transport
was north to south through the study area.
b.
to Heckel

Paleogeography and Paleoclimate.

(1977), major coal development is confined to

within about 8° of the paleoequator.

This is due to the

heavy daily rainfall that occurs at these latitudes.

Fresh

water not only facilitates the growth of vast fluvial and
deltaic marshes and swamps, but also develops a water table
high enough to establish anoxic conditions necessary for

Accordi
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the preservation of large quantities of carbonaceous
matter.

Paleoclimatic evidence summarized by Schopf

and a paleogeographic reconstruction by Heckel

(1975)

(1977)

indicate that, during the Pennsylvanian Period, the
mid-continent area lay less than 10° north of the equator.
This latitude is conducive to the development of coal beds
and lends support to the meandering fluvial model for
Pennsylvanian channel sandstones.
c.

Waves, Tides and Currents.

Laury

indicated that very low energy conditions in terms of
tides, wave action, and longshore currents probably
prevailed in the shallow epicontinental Pennsylvanian seas.
Such conditions, combined with a stable basin,

should lead

to the development of river-dominated, birdsfoot-type
deltas that prograde seaward rather than build vertically.
Facies relationships observed in the upper Cherokee
and lower Marmaton rocks of the study area suggest that
low-energy conditions prevailed in the shallow
Pennsylvanian seas.

The great lateral continuity of the

marine limestones and shales in this interval suggests that
water depths were similar enough throughout the
mid-continent during a particular transgression to develop
comparable facies in widely separated areas.

This

observation indicates a relatively flat, shallow sea floor
for upper Cherokee and lower Marmaton epicontinental seas.
The thin character of individual lithologic units and
the vertical proximity of vastly different depositional

(1968)

43

environments indicates rapid progradations into a shallow,
stable receiving basin.

The most rapidly prograding delta

model is the river-dominated, birdsfoot-type delta, which
develops when low-energy marine conditions prevail.
Barrier bars are composed of sand, are normally
deposited parallel to the shoreline,
fossils,

and according to Busch

expense of overlying units.

contain marine

(1974), thicken at the

Tidal scours are deep tidal

channels that develop perpendicular to the shoreline when
tidal forces dominate.

The tidal channels become filled

with bidirectionally transported sands and marine fossils.
The absence of barrier bars in the upper Cherokee and
lower Marmaton rocks of the study area indicates a poorly
developed strand plain system and the absence of tidal
scours suggests weak tidal currents.
developed strand plain,

The lack of a well

the absence of tidal scours, and

the extremely fast character of the delta progradations all
suggest the development of a river-dominated delta
prograding into shallow,
d.

low-energy Pennsylvanian seas.
Structure.

The Forest City Basin subsid

slowly during deposition of upper Cherokee and lower
Marmaton units.

The system of major northwest-southeast

trending synclines and anticlines was well established by
Desmoinesian time

(Clair, 1943),

and these major features

influenced local deposition.
Deep water shales appear to maintain a constant
thickness over the entire area,

and the limestones appear
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to thin only slightly over depositional highs.
sandstones,

Channel

however, are more sensitive to topography and

normally occupy low areas on the depositional surface.
The thick channel sandstones in the study area are now
located along structural highs, however.

These highs are

therefore post-depositional features and are probably
related to differential compaction of the shales and clays
around the sandstone channels.
C.

DISCUSSION OF SANDSTONES
1.

Upper Sandstone Facies.

The upper sandstone

facies is distinguished by the tendency of the sand to
replace underlying formations.

According to Busch

(1974),

thickening of sands at the expense of underlying units is a
diagnostic criterion for the identification of channel
sandstones in the subsurface

(Figure 13).

Upper Cherokee and lower Marmaton downcutting channel
sandstones include,
Sandstone Member,

from youngest to oldest;

the Englevale

an unnamed channel of the lower Labette

Formation, and the Upper Squirrel Sandstone.

These three

channels are almost identical petrologically and thus,
cannot usually be differentiated based on well log
properties

(Figure 11C).

They are all fine-grained,

micaceous and contain local zones of carbonate cement.

The

sandstone units are separated by shales when they are not
stacked directly on each other, and a few shale stringers
can be found within the channels themselves.
bedding,

although not apparent in cores,

Cross

is observed in

VERTICAL SCA LE f = APPROXIMATELY 3 0 '
HORIZONTAL SCALE f = APPROXIMATELY 2 0 0

Figure 13.

East-west cross section through Englevale Sandstone channel,

S33T 47W R33W showing abrupt thinning of channel sandstone depths shown are subsea.

^
^
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outcrop.

Downcutting of the channels into underlying units

is easily recognized in both outcrop and on well logs, as
is the finning-upward character of the sands.
The individual channels are elongated perpendicular to
the paleoshoreline and exhibit a north-south direction of
sediment transport.

The channels vary in areal extent and

thickness, and a summary of each follows.
The channel with the greatest areal extent in western
Missouri is the Englevale, which is usually present to some
extent in every well examined

(Plate I I ) .

However,

the

Englevale contains many tight, carbonate cemented zones,
and in some areas may become a sandy limestone.
of the carbonate cement is problematic,
advanced by Fothergill

(1955)

The origin

however a theory

regarding diagenetic

carbonate cementation in sandstones appears to be
applicable to Pennsylvanian sediments.

Fothergill noticed

a marked increase in carbonate cement content vertically
upward toward the shale-sand contact,

and a tendency toward

an increase in cementation near the featheredge of
sandstone lenses.

He attributed increases in cement to

compaction of surrounding clays as water was expelled
vertically upward and outward through the sediments.

The

clays formed a semi-permeable membrane that concentrated
carbonate ions in the sands near the shale boundaries.

A

similar concentration of carbonate cement near the edges
and tops of the sandstone lenses was observed by this
author in the upper Cherokee and lower Marmaton sandstones
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of western Missouri.
The Englevale Sandstone was present in most wells and
therefore the lateral extent of the channel could not be
determined.
35 feet

Normally the Englevale channel does not exceed

(10.7 meters)

in thickness.

However,

in areas

where the channels are stacked upon each other and
differentiation of individual channels is difficult,
sandstone thicknesses may exceed 80 feet

(24.4 m e t e r s ) .

Hence, the Englevale could be very thick in these areas or
may simply cut down to a thick unnamed Labette channel.
There is normally no way to determine which channels are
responsible for the increased sandstone thickness.

For

this reason the Englevale and unnamed Labette channel were
mapped together.

The presence of the unnamed channel is

inferred by zones of abnormal thickness on the Englevale
isopach

(Plate II).

An isopach of the Upper Squirrel channel shows that
although occasionally thick,

(60 feet, 18.3 meters)

channel is normally not more than 2 miles

the

(3.2 km) wide

(Plate III) .
2.

Middle Sandstone F a c i e s .

The sands of the Middle

Squirrel Sandstone of the Lagonda Formation represent the
middle sandstone facies and appear to be a series of
laterally discontinuous channels that do not cut down far
into underlying strata.

The sandstones are fine-grained,

micaceous, and contain organic debris and limestone clasts
near the base.
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Sandstones are interbedded with shale and siltstone
and have a shaley appearance on the well logs.

A

characteristic fining-upward appearance is evident on the
logs even though the bottom of the sandstone packages is
usually not as clearly defined as it is in the channels of
the upper sandstone facies.
Individual sandstone channels of the Middle Squirrel
are narrow and discontinuous,
to correlate.

and are therefore difficult

Wells drilled 300 feet

(91 meters)

apart

show very little similarity in log response and correlation
is commonly impossible.

In places, the sands of the Middle

Squirrel Sandstone are stacked and appear as a relatively
thick,

shaley sandstone package that is difficult to

distinguish from an upper facies channel sandstone
HE).

(Figure

An examination of surrounding well logs however,

will demonstrate the extreme lateral discontinuity of the
sands of the Middle Squirrel Sandstone.
3.

Lower Sandstone F acies.

The lower sandstone

facies is represented by the Lower Squirrel Sandstone which
differs in character from either of the other two sandstone
types.

It is commonly fine-grained, micaceous and

carbonate cemented at the base, although there appears to
be a porous zone in the middle of the sand.

This sandstone

is laterally continuous over most of the study area and
normally maintains a relatively constant thickness of 6 to
10 feet

(1.8 to 3.0 meters) when present.
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D.

DEPOSITIONAL SYSTEMS
1.

General Statement.

A generalized overview of the

major depositional systems responsible for the facies
variations in upper Cherokee and lower Marmaton sediments
is presented as a basis for the correlation of specific
deposits with general depositional environments.

The

particular depositional system that is established in an
area is dependent upon the first and second order
sedimentary controls discussed earlier.
At least three major depositional systems can be
recognized within the nine formations that either surround
or are cut by the Labette and Sguirrel sandstones.
depositional systems include:

These

(1) a marine system,

delta-strand plain system, and

(2) a

(3) a fluvial system

(Figure

14) .
2.

Marine System.

The marine system is the most

laterally extensive of the three,
members 6 through 10 of Wanless'
middle limestone,
Heckel's model

and corresponds to
cyclothem model,

and the

core shale, and upper limestone of

(Figure 12).

Normal marine depositional

processes include flocculation and settling from suspension
of very fine-grained clastic sediments, as well as the
production of organic and inorganic carbonate and phosphate
precipitates from sea water.
marine environment,

The shallow Pennsylvanian

although laterally extensive,

lithologically diverse and usually results in the
deposition of a shale or limestone unit.

is not

Delta system

Fluvial system
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Figure 14.

Diagrammatic sketch of the various depositional
systems associated with a river-dominated,
lobate delta (modified from Fisher and McGowan,
1969).
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Heckel

(1977) proposed that the black phosphatic shale

represents the maximum transgressive unit of a cyclothem,
and suggested a depositional model for its formation.
Heckel postulated that north of the doldrums in the arid
trade wind belt the prevailing winds blew from a
northeasterly direction.

This assumption coincides with

the consistent south-southwesterly dips on the crossbeds of
the eolian dune sands in the Tensleep Formation of Wyoming.
The prevailing winds caused movement of surface water to
the southwest in the eipcontinental sea.

According to

Heckel, this eipcontinental sea could attain depths of over
100 meters during maximum transgression.

This allowed a

density gradient or thermocline to develop between the warm
surface waters and the cold bottom waters

(Figure 15).

The

theromocline prevented the oxygenated surface waters from
mixing with the anoxic bottom waters.

As the surface

waters were pushed to the southwest by the prevailing
winds, the oxygen-poor, phosphate-rich bottom waters moved
to the northeast along the sea floor.

The anoxic deep

water eventually welled up in the shallower waters to the
northeast and phosphate was concentrated by plankton in the
warm surface waters.

The surface water with its organic

matter was driven to the southwest by the winds, and the
organically concentrated phosphate slowly settled into the
cold anoxic bottom waters.

Because the bottom waters were

oxygen-poor they could not break down the phosphate-rich
organic matter and it was deposited as the black phosphatic

General position
of upwelling

Figure 15.

Cross section showing thermocline model for deep water black,
phosphatic shale facies (modified from Heckel, 1977) .

in

NJ
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shale facies common in many Pennsylvanian cyclothems.

In

shallower areas the thermocline was broken, leading to
deposition of a greenish-gray shale facies containing no
phosphatic concretions.
The Excello Formation exhibits both of these facies.
Normally a black, phosphatic,

fissle shale, it grades

laterally into a greenish-gray shale over topographic highs
such as the Lincoln Fold.
3.

Delta-Strand Plain System.

The delta-strand

plain system, which ideally consists of a coarsening upward
sequence of shales, siltstones and sandstones, capped by
thin underclays and coals, is the most lithologically
diverse of the major systems.

The delta and strand plain

systems are both coastal environments that normally occur
adjacent to each other along a migrating shoreline.

These

two major systems correspond to members 1 through 5 of
Wanless'

cyclothem model and to the outside shales of

Heckel's model
a.

(Figure 12).
Delta.

According to Coleman and Prior

(1980) deltas can be divided into physiographic settings.
Every delta plain is made up of a subaerial and subaqueous
component

(Figure 16).

The subaerial component is divided

into upper and lower delta plains.

The upper plain is

normally an older lobe of the delta, and now exists above
the area of significant marine influences.

It is a

continuation of the alluvial valley and is dominated by
fluvial processes.

The lower delta plain is influenced by

Subaqueous

delta

Upper delta plain
Lower delta

Subaerial

delta
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Figure 16.

Subenvironments of a river-dominated delta
plain (modified from Coleman and Gagliano,
1965).
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fluvial and marine processes and extends landward from the
low tide mark to the limit of tidal influence.

The

subaqueous delta plain is the part of the delta lying below
the low tide level and forms the foundation over which the
subaerial delta must prograde
b.

Strand Plain.

(Figure 16).
A strand plain or coastal

plain environment is developed through marine processes in
areas adjacent to the delta plain (Figure 14).

When

fluvial processes dominate and marine processes are
negligible the strand plain system is starved for sediments
and is therefore not well developed.

It consists of clay

and mud deposited parallel to the shoreline by weak
longshore currents.

These deposits are similar to prodelta

muds as well as interdistributary muds and clays.

Based on

well log characteristics it is difficult to differentiate
between these three depositional environments.
4.

Fluvial System.

Fluvial systems are

characterized by shale and siltstone deposits that are
occasionally cut by linear channel sandstones.

The fluvial

sands are developed during maximum regression and
correspond to member 1 of Wanless' cyclothem model and to
the middle outside shales of Heckel's model.
Fluvial environments, although most common in the
alluvial valleys of river systems, can also extend into
upper deltaic regions, especially in areas of low gradient
or when the river is carrying a large bedload.

Fluvial

deposits are generally of two types, braided channel and
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meandering channel.
Braided channels commonly develop in arid or arctic
areas where precipitation is erratic and vegetation sparse.
Such braided rivers have a large lateral extent and tend to
produce laterally extensive sheet sands.
Meandering channels tend to develop in humid
environments where precipitation is constant and vegetation
lush.

Meandering channels commonly produce elongate,

areally restricted sandstone belts or meander belts that
are embedded within mudstone units.

The Englevale, unnamed

Labette, and Upper Squirrel Sandstones are examples of such
meander belt sandstones.
E.

DEPOSITIONAL HISTORY
This section will attempt to relate specific

lithologies to corresponding depositional environments.
Figure 17 shows a generalized stratigraphic section for
upper Cherokee and lower Marmaton rocks in western Missouri
next to a specific depositional history of the units
encountered in the extensively drilled areas of
southwestern Jackson and northwestern Cass counties.

A

brief discussion of each formation is included in order to
help clarify the difference between the generalized section
and the local variations.
The Bevier Formation in the study area consists mainly
of a mottled shale overlain by a black shale or thin coal.
The mottled shale facies probably developed on the
interdistributary portion of a delta plain.

This was
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Figure 17 .

General stratigraphic column and specific
depositional history for the study area.
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followed by the growth of a peat swamp that, depending on
locality, either produced enough carbonaceous material to
be preserved as coal, or produced only enough to maintain
an anoxic environment.

The anoxic environment permitted

deposition of unoxygenated shales and produced a black
shale facies.
Following development of the peat swamp the area
either experienced a rapid transgression or a longer period
on nondeposition.

The black phosphatic shale facies that

normally represents maximum transgression of the sea was
not developed in the study area.

Water depths were not

great enough to establish a thermocline, and instead
oxidizing conditions predominated on the sea floor.
Consequently, a lighter, greenish-gray shale interbedded
with carbonate stringers represents the marine portion of
the Lagonda Formation.
After deposition of the marine shale, the sea began to
recede and the regressive portion of the cycle commenced.
No regressive limestone was deposited after the marine
shale which probably indicates that increased detrital
influx began soon after marine shale deposition.

The

clastic marine sedimentation developed a somewhat laterally
continuous series of delta-front sands (Lower Squirrel
Sandstone).
As the regression continued the subaqueous delta-front
deposits were covered by sediments of the subaerial delta
plain.

These nonmarine sediments are represented by
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distributary channel sands and interdistributary shales and
siltstones.

In places outside the study area the shales

and the siltstones grade upward into an underclay and thin
coal.

However, such coals are absent in the study area.
As the delta system responsible for deposition of the

Lagonda and Mulky formations slowly advanced across the
study area, a complex set of subenvironments evolved.

The

sequence of lithologies that make up the Mulky Formation
begins with a series of thin, calcareous shales that grade
upward into a nodular, discontinuous limestone known as the
Breezy Hill Member.

This limestone is usually overlain by

an underclay and the Mulky Coal.

In the study area

however, this Mulky sequence is often replaced by the
downcutting Upper Squirrel Sandstone.
The discontinuous calcareous shales of the lower Mulky
Formation and the nodular Breezy Hill Limestone Member
represent a period of slow clastic sedimentation in a
shallow marine carbonate environment.

The area then

underwent a rapid progradation, possibly caused by delta
lobe switching.
The Upper Squirrel Sandstone was deposited by a fluvial
channel that meandered across a large peat swamp associated
with the Mulky Coal and underclay.

Depending on location,

the channel both underlies the coal and cuts it out
completely (Figure 11B), a relationship that suggests
contemporaneous deposition.
Deposition of the upper delta plain sediments of the
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Mulky Formation was followed by a major transgression.

The

black, phosphatic, fissile shale of the Excello Formation
represents maximum transgression, when deep water shale
deposition occurs in an anoxic environment.

The black

shale grades upward into a nonphosphatic greenish shale.
This represents a shallowing upward sequence that indicates
the beginning of a new regression.

The black and greenish

shales together comprise the Excello Formation and mark the
top of the Cherokee Group.
The Marmaton Group begins at the base of the Blackjack
Creek Formation.

The predominance of limestones in the

Blackjack Creek Formation and the absence of two members of
the Little Osage Formation indicate a locally incomplete
regression of the sea.

During this locally incomplete

regression, marine conditions predominated and nonmarine
clastic sedimentation was never established in the study
area.

To the northeast and east of the study area,

however, nonmarine depositional environments were developed
twice during deposition of the Little Osage Formation.
Subaerial exposure was established once during development
of the Summit Coal, which is followed by a deep water,
anoxic shale, and again with the deposition of the Flint
Hill Sandstone Member.

Because nonmarine deposition was

never established in the study area, the Little Osage
Formation, which can be over 50 feet (15.2 meters) thick in
north-central Missouri
(3.1 meters)

(Sumner, 1982) , is less than 10 feet

thick in the study area.
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Locally, the base of the Little Osage Formation is
composed of marine shales and limestones that grade upward
into a deep water, black, fissile shale facies containing
abundant phosphatic nodules.
The regressive cycle in the study area began with the
Higginsville Limestone and reached a maximum with the
development of the Alvis Coal and unnamed Labette channel
sand.

This was followed by a sequence of interdistributary

sandy and silty shales.

The shales were overlain by the

fluvial Englevale Sandstone Member.

The Lexington Coal

which caps the Labette Formation over much of the state
was not developed in the study area.
After deposition of the Englevale Sandstone, another
rapid transgression occurred and the area reverted to a
deep water anoxic environment.

This deep water environment

is represented by the Anna Shale Member of the Pawnee
Formation.

The Anna is a phosphatic black shale that is

laterally continuous and was used as the datum for
structural mapping in this report.
Following the black shale deposition, the seas began
to recede and the Myrick Station Limestone, the calcareous
Mine Creek Shale, and the Coal City Limestone were
deposited in shallow Pennsylvanian marine environments.
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V.

1.

CONCLUSIONS

The "Squirrel" sandstones, previously thought to be
confined to the Lagonda Formation are actually present
in two formations,
Formation.

the Lagonda Formation and the Mulky

These sandstones, although grouped

together under the name "Squirrel" represent three
different depositional environments.

The carbonate

cemented Lower Squirrel Sandstone of the Lagonda
Formation is considered to have been deposited in
subaqueous distributary-mouth bar environments.

The

relatively thin, interbedded sandstones of the Middle
Squirrel are also part of the Lagonda Formation, and
were deposited by distributary channels on the
subaerial part of a delta plain.

The Upper Squirrel

channel sandstone, which is a local facies variation
of the Mulky Formation, was deposited in a meandering
fluvial environment on the upper, subaerial portion of
a delta plain.
2.

Local thickening of the upper Cherokee and lower
Marmation sandstones in the study area is normally
caused by "stacking" of channel sandstones that belong
to the Labette and Mulky Formations.

In some areas

these stacked, or superimposed, channels reach
thicknesses of 85 feet

(25.9 meters).

When the

channels stack in such a fashion, formational markers
are cut out and precise correlation of channels and
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formations becomes impossible.
3.

Regional structures in Jackson and Cass counties are
related to regional downwarp during development of the
Forest City Basin.

However, local highs associated

with oil production in the study area are at least
partially attributable to differential compaction of
sediments around thick channel sandstones.
4.

The first order control upon cyclic sedimentation in
the upper Cherokee and lower Marmaton sediments in
Jackson and Cass counties is considered to be eustatic
sea level oscillation.

Locally, variations in

detrital influx, paleogeography, structure and marine
energies introduce modifications into the regional
cyclic sequence.
5.

The most oil per well produced from upper Cherokee and
lower Marmaton rocks in Jackson and Cass counties is
from wells drilled into the stacked channel sequence.
However, oil can also be found in the unstacked
Englevale Sandstone or Upper Squirrel Sandstone as
well as the Middle Squirrel distributary sandstones.
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